Background: The teratogenic effects of maternal alcohol consumption during pregnancy
Maternal consumption of alcohol during pregnancy can adversely affect the fetus, and a wide range of physical, behavioural and neurocognitive disabilities can result. The pattern and severity of these effects depend on the dose, timing, pattern and duration of the alcohol exposure. As well, the vulnerability to alcohol-induced damage varies across cell types and tissues as well as across stages of fetal development. 1 Animal studies have shown that gestational exposure to alcohol disrupts the cranial neural crest cells, the embryonic cells that contribute to the development of the face, including the lip and palate. 2 While many of the abnormal structures observed in, and defining fetal alcohol spectrum disorder (FASD) include craniofacial anomalies derived from these cells, 3 it is unclear whether maternal alcohol consumption during pregnancy is related to other facial congenital anomalies such as orofacial clefts (OFCs) which are also derived from these cells.
As the lip and palate have distinct developmental origins, OFCs are often classified and investigated as cleft lip with or without cleft palate (CL±P); or as cleft palate only (CPO), in which the lip is not affected. 4 The phenotypic variants of cleft lip [cleft lip only (CLO) and cleft lip with cleft palate (CL+P)] are usually considered to be the same defect and are thought to differ aetiologically from CPO. OFCs may be further classified as occurring without other congenital anomalies (isolated OFCs), or with other congenital anomalies and may or may not be part of recognised syndromes, or known chromosomal or gene abnormalities. 4 OFCs are among the most common congenital malformations with a prevalence of around 14-20 per 10,000 births. 5 The causes of OFCs are largely unknown, but both genetic and environmental factors have been identified. 4 The association between prenatal alcohol exposure and OFCs has been investigated in many studies, but the relationship is unclear.
Therefore we conducted a systematic review of the studies that have investigated the association between maternal alcohol consumption during pregnancy and the risk of OFCs in infants.
Methods

Study identification and data extraction
We included published case control and cohort studies where maternal alcohol consumption during pregnancy and occurrence of OFCs in infants were reported. Review papers, ecological studies, case reports and case series, animal studies, and studies where alcohol consumption after delivery was reported, or where mothers' history of alcohol consumption was described but not their consumption during pregnancy, or where alcohol consumption was not reported by OFC status, or where OFCs were not reported, were excluded.
We identified potentially relevant publications by searching Medline (1950-July 2013), Premedline, and Embase (1980-July 2013) using exploded MeSH headings and text words.
As OFCs are not always indexed specifically, we also conducted searches on congenital anomalies and malformations in general. To identify terms related to maternal alcohol consumption we combined the following search terms (subject headings and, or keywords)
with OR: 'prenatal alcohol exposure', 'alcohol intake', 'alcohol consumption', 'alcohol drinking', 'fetal alcohol syndrome', 'fetal alcohol spectrum disorder', 'FASD' , 'FAS', 'alcohol'.
Relevant outcomes were identified by searching subject headings and keywords for 'orofacial clefts', 'cleft lip', 'cleft palate', 'oral clefts', 'congenital anomalies', 'congenital abnormalities', 'congenital malformations', 'birth defects', 'alcohol related birth defects, 'ARBD' and combining these with OR. Both exposure and outcome searches were combined with AND, and the search was then limited to studies involving humans.
One author (JB) initially reviewed all titles and abstracts. Papers that could not be excluded based on the initial review were assessed independently by two authors (JB, CO'L) and any differences were resolved by consensus. We did not exclude papers based on language of publication and these were reviewed by speakers of those languages. We did not contact authors directly, and did not seek unpublished studies.
Study characteristics, quality and data from included studies were extracted by pairs of authors independently (CO'L, JB, CRG, NN) using prepared data extraction forms.
Differences were resolved by discussion, and if necessary by conferring with a third author.
Where results from an individual study were reported in multiple publications, we extracted the most relevant data, or data for the longer period. Data were extracted for CL±P and CPO separately, unless only data for OFCs as a group were reported.
We extracted data for any exposure to alcohol versus no alcohol intake (or low alcohol intake if that were the reference group, and if equivalent to around 1 drink or unit per week).
Consumption levels were based on international guidelines. 6 Binge drinking was defined as drinking five or more drinks on one or more occasions. This equates with around 50-70+ grams of alcohol per occasion, depending on the definition of a standard drink. We did not regard heavy drinking as binge drinking unless it was defined or could be deduced from individual studies as equivalent to binge levels. To investigate whether the association between OFC occurrence varied by levels of alcohol consumption, we categorised alcohol consumption (in grams of alcohol consumed per week) into heavy and moderate levels.
Heavy drinking during pregnancy was defined as around two or more drinks per day (approximately 90+ grams alcohol per week), with or without known binge drinking and moderate consumption was characterised by drinking less than one drink/day and no more than two drinks per occasion (less than approximately 70-84 grams alcohol per week), and no known binge consumption. 7 Where exposure levels were reported as drinks, the number of drinks was converted to grams of alcohol per week using the drink size reported in the study, or if unavailable, the standard drink size for that country. 6 Published data in some papers differ from our extracted data due to combining of categories and applying consistent exposure levels. For example, exposure defined as 'moderate' in one paper may be defined as 'low' in another paper.
Timing of alcohol consumption was categorised as during the first trimester, or during pregnancy. If studies reported exposure during both the first trimester and over all of pregnancy, we extracted data for the first trimester as this period relates to the period of fetal facial development.
Study quality assessment
While there is no agreed 'gold standard' for assessing the quality of observational studies, we used the Newcastle-Ottawa Scale (NOS) 8 that examines quality of exposure and outcome assessment and adjustment for confounding. For each item of the NOS, we defined specific criteria relevant to studies reporting the association between alcohol in pregnancy and identification of OFCs.
Statistical analysis
Where only percentages of participants were reported and the denominator was known, we calculated numbers for study groups. For studies that reported odds ratios and confidence intervals, but not participant numbers, we imputed these. 9 We conducted meta-analyses using the Mantel-Haenszel random effects method using numbers contributing to crude odds ratios because most studies reported these. If published, adjusted odds ratios are reported in the Figure footnotes. Where there was insufficient data to allow inclusion in meta-analyses, we reported results from studies separately in the relevant section. In studies with a cell count of zero, we applied a constant continuity correction of 0.5. 10 We assessed heterogeneity using the I 2 statistic. We compared the odds of infants having OFCs (CL±P, CPO, and OFCs as a group) between the reference group and mothers who consumed alcohol (any, and binge drinking) during the first trimester or during pregnancy. We also examined whether a dose-response relationship existed between maternal alcohol consumption and OFC occurrence.
We conducted sensitivity analyses to assess the robustness of results (see Supplementary Information 1). Funnel plots and a modified Egger's test 11 were conducted to assess publication bias. Meta-analyses were conducted using Revman and SAS version 9.3.
Results
Searches of the electronic databases identified 737 potential papers and 530 were excluded after initial review. From the remaining 207 papers and the 35 papers identified from reference lists and automated update searches we identified 23 case control studies and 10 cohort studies where maternal alcohol consumption during pregnancy and OFCs in infants were described ( Figure 1) .
Description of included studies
Supplementary 20 and in the second study the reference group could not be determined. 21 Another paper 32 reported the continuing results for their study 31 but not enough information to enable additional data to be extracted.
Details of the 10 included cohort studies [36] [37] [38] [39] [40] [41] [42] are reported in Supplementary 
Study quality
The 23 case control and 10 cohort studies scored between two and eight out of a possible nine on the NOS (Supplementary Figure 1) . For exposure ascertainment, we pre-specified that studies where alcohol exposure was assessed before delivery, using a secure record, or a structured interview constituted agreement with this NOS attribute. However, it is important to recognise that while these characteristics may be met, many studies in the review did not provide enough detail to determine whether their exposure assessment was adequate for specifying quantity, frequency and timing of alcohol consumption. Figure 2) . Of these studies, the four measuring alcohol intake during the first trimester showed an association [pooled OR 
Any alcohol consumption
Dose response relationship
Meta-analysis was not possible due to the differences between studies, particularly in alcohol consumption levels. Supplementary Table 3 shows no relationship between OFCs (including CL±P and CPO) and alcohol consumption at heavy or moderate levels with all ORs around unity. Four individual studies examined dose-response relationships for CL±P and CPO during the first trimester, 13, 18, 26, 29, 33 but no association and no change in the association at higher levels of consumption was found (Supplementary Table 4 however quality scores for these studies were low.
Comment
Maternal alcohol in pregnancy is associated with craniofacial anomalies derived from the cranial neural crest cells from which the lip and palate also develop. It would seem reasonable that alcohol could also be associated with other structural anomalies derived from these cells, even if not currently recognised as part of FASD. This systematic review is the first to explore the impact of maternal alcohol consumption in pregnancy on the occurrence of OFCs in infants, but our findings suggest no association. However, the studies contributing to the review displayed considerable heterogeneity, limiting our ability to determine whether these results reflect a true relationship. Most of the included studies were limited by methodological issues in assessing and classifying alcohol exposure, in ascertaining and
classifying OFCs, and in evaluating confounding variables. The difficulties investigating uncommon outcomes and in measuring alcohol exposure have undoubtedly led to pragmatic study designs. However these study characteristics limit the interpretation of the relationship between alcohol and OFCs.
Studies assessing the association between alcohol intake and health outcomes depend on the validity and reliability of self-reported alcohol intake. Self-reports are often retrospective and can be subject to recall or response bias due to the socially sensitive nature of the questions. Reliability of reported alcohol consumption during pregnancy varies, with concurrent or antenatal reports often being lower than retrospective or post-pregnancy reports. 43 In the majority of studies included in our review, alcohol consumption during the first trimester, or for all of pregnancy, was assessed after delivery, sometimes up to three years later. Increasing time between exposure and interview is more likely to be associated with decreases in the quality of data reported. 44 Under-reporting of alcohol intake is also likely. Individuals tend to report their number of drinks in terms of the drink size they consume, and self-reported drinks often contain more alcohol than the presumed standard serving. 45 Alcohol consumption is also more likely to be under-reported on occasions of heavy drinking 46 and by women who consume at the highest levels. 43 Some studies reported an average intake, but averaging consumption can mask the assessment of low, moderate and binge drinking on infant outcomes. 7 The reference period for alcohol consumption (for example a 7-day recall) may also not accurately reflect an individual's typical consumption 47 with short term recall methods under-estimating the proportion of high risk drinkers.
48
Risk may also not be evenly distributed within a defined exposure level. In any category of alcohol exposure, infants of women who drink at the heavier extreme of this category are at higher risk than those of women who drink at lower or more moderate levels, who are also included in the same exposure category. Likewise, infants of women with more efficient alcohol metabolism may be exposed to lower levels of alcohol, and for shorter periods than infants of other women despite similar levels of alcohol intake. 49 Accurately determining the time of exposure in relation to pregnancy is critical. Facial development occurs very early in pregnancy, before the 10th week of gestation and it is during this period that many pregnancies may be exposed to alcohol, and at potentially high levels. A large proportion of pregnancies are unintended, 50 and the majority of women may not recognise their pregnancy until after the 4th week gestation. 51 In some populations around 80% of women of childbearing age consume alcohol 50, 51 with a smaller proportion of women drinking at heavy or binge levels. 52 While most women reduce their intake once pregnancy is recognised, some women continue to consume at heavy or binge levels. 7, [50] [51] [52] Women who stop drinking after pregnancy awareness may be classified as unexposed, although their infants may have been exposed to alcohol during early pregnancy and before pregnancy was recognised.
OFC ascertainment and classification are influenced by timing of diagnosis, length of follow-up and sources of ascertainment. Infants with OFCs are under-ascertained if OFCs are identified in live births only, or in those who survive to be treated in surgical centres. Underenumeration will also occur when the time allowed for diagnosis is limited; a recent population-based study found that 12% of children with CPO were diagnosed after one year of age. 53 Use of administrative databases (such as hospital discharge surveys and birth certificate data) for case identification also significantly under-estimates prevalence of OFCs (both CL±P and CPO). 54 The association between alcohol and OFCs is potentially susceptible to confounding by other factors such as maternal age, parity, obstetric history, pregnancy planning, alcohol metabolism, diet, medications, smoking tobacco, and use of illicit substances. 55 While tobacco smoking during pregnancy increases the risk of CL±P by 34%, and CPO by 22%, 56 only nine studies reported their association between alcohol and OFCs adjusted for smoking and other covariates. As crude results from individual studies were available for metaanalyses, our pooled results may be confounded.
Despite the limitations of individual studies included in our review, we may not have identified all studies investigating the relationship between alcohol and OFCs. However, our findings of no association between prenatal alcohol exposure and OFCs and review of funnel plots suggest that publication bias may not be an important consideration in this review. This is the first systematic review examining the association between prenatal alcohol exposure and occurrence of OFCs. Although a large number of studies contribute to the review, heterogeneity in study design, possibly due to pragmatic considerations, limits conclusive findings. Ideally future studies investigating prenatal alcohol exposure and outcomes relating to early fetal development should assess these outcomes in all pregnancies prospectively, and using multiple sources of ascertainment and longer follow-up allowing for later diagnoses. Alcohol exposure (dose, pattern and frequency of intake) and timing of exposure, should be documented when pregnancy is confirmed and confounding or modifying factors should also be evaluated.
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Supplementary Information 2. Funnel Plots and Tests For Funnel Plot Asymmetry
Subgroups
Any alcohol v no or low alcohol consumption, OFC
No test for funnel plot asymmetry as too few studies included.
Binge level drinking -Assessment of publication bias
There are too few included studies in the analysis of the effects of binge drinking (4 studies each for CL±P and CPO) to assess whether publication bias is an important factor (using funnel plots or statistical tests.
